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Yoshiaki Hayashi*: Embryology of Magnolia salicifolia 
Maxim. (Magnoliaceae) 

# ftPS*: ? v'yffl) 

Embryological investigations in the genus Magnolia are not so many, includ¬ 
ing Guignard (1897, 1898) in M, yulan and M. soulangeana, Andrews (1902) in 
M. obovata, Maneval (1914) in M. virginiana, Farr (1918) in M. tripetala, Ya¬ 
maha (1926) in M. kobns, Earle (1938) in M. grandiflora, Stoudt (1960) in M. 
kobus, Hayashi (1960, 1964) in M. liliflora, Kapil & Bhandari (1964) in M. 
obovata, Ly-Ti-Ba et al. (1970) in M. grandiflora, and Yamazaki (1982) in M. 
kobus. But up till now nothing has been known embryologically in M. salicifolia. 

Recently some materials of M. salicifolia were obtained, thus giving an 
opportunity to study the remaining member of the genus and to compare it 
embryoiogically with the members already investigated. 

Material and methods The material of M. salicifolia was collected in a 
field near the Takayu Spa in Fukushima Prefecture. Floral buds at different 
stages of development were fixed in FAA solution. Dehydration, infiltration, 
embedding and sectioning were carried out by the procedure outlined by Johansen 
(1940). Sections were exclusively stained with Heidenhain’s iron-alum haemato- 
xylin and safranin. 

Observations 

Microsporogenesis. Longitudinal sections of the young anther, which consists 
of a homogeneous mass of parenchymatous cells, collected on July 11th of the 
year prior to flowering, are rectangular in shape (Fig. 1A). By the end of the 
month it becomes two lobes, each with two microsporangia. The hypodermal 
layer of each lobe contains archesporial cells which divide periclinally to form 
the primary sporogenous tissue on the inside and the primary parietal cell layer 
on the outside (Figs. IB, C, 3A). 

The anther wall consists of an epidermis, endothecium of one celled layer, 
middle layer of 3 cells in thickness, and tapetum of 1-2 cells thick (Figs. ID, 
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Fig. 1. Pollen formation of Magnolia salicifolia. A. A part of a very young anther showing a mass 
of meristematic cells. X175. B. Transverse section of a young anther showing primary sporogenous 
cells and primary parietal cells. X200. C. Massive sporogenous tissue, x 325. D. PMCs in synapsis 
stage. Anther wall consists of epidermis, endothecium, 3 or 4 middle layers and 1 or 2 tapetal 
layers. X275. E. Metaphase in the first division of a PMC. X1375. F. Heterotypic furrowing in 
the first division of a PMC. X1375. G, H. The second division of PMCs showing homoeotypic 
spindle formation. X 1375. I. PMC in dyad stage. X 1375. J. Decussate type of division of a PMC 
showing heterotypic furrowing. X1375. K. Decussate tetrad, x 1375. L. T-shaped tetrad, x 1375. 
M. Isobilateral tetrad. X1375. N. Well-developed endothecium and binucleate pollen grains. X325. 
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3B). The endothecial cells elongate tangentially, and are furnished with charac¬ 
teristic fibrillar thicknings. The middle layer tends to be compressed between 
the fibrous layer and the tapetum, and eventually collapses. 

The cells of tapetum are at first uninucleate, but later become 2-3-nucleate 
by mitotic divisions. In the meantime the nucleus divides once or twice in a 
manner of cytokinesis forming a layer of 2-3 cells at the end of March (Figs. 
ID, 3C). Some of the nuclei appear to be amoeboid and contain more than one 
nucleolus suggesting their polyploid nature. During the later stages of development 
the tapetal cells are conspicuously enlarged and remain in their original position 
for a while (Figs. ID, 3C). On further development the tapetum begins to show 
signs of degeneration and eventually becomes disorganized at the 2-celled stage 
of the pollen grains (Figs. IN, 3D). 

On degeneration of the tapetal cells, minute globular oily bodies are seen on 
the inner side of the walls and are often well-defined during maturation of the 
pollen grains. These bodies which appear brownish yellow after treatment with 
haematoxylin and red with safranin, become deposited against the inner wall of 
the endothecial cells by the breakdown of the tapetal cells. Before the pollen 
grains are fully mature, the anther wall may consists of two sublayers, endo- 
thecium and compressed epidermis (Figs. IN, 3D). At maturity two micro¬ 
sporangia in each theca become confluent by the breaking down of the interven¬ 
ing cell layers. Dehiscence of the anther is longitudinal. 

The primary sporogenous cells divide to form the PMCs (Figs. ID, 3C). 
The meiotic divisions of the PMCs are of the modified simultaneous type (Figs. 
1E-M) as designated by Hayashi (1960). During meiosis II the spindles may lie 
parallel or at right angles to each other (Figs. 1G, H) and cytokinesis takes 
place by centripetal furrows (Figs. 1K-M). Thus the tetrads are mostly de¬ 
cussate (68.9.%) but some may be isobilateral (28.6%) or even T-shaped (2.5%). 
The young microspores are liberated due to the breaking down of the original 
mother wall in the middle of April (Fig. 4D). The newly formed microspore 
has dense cytoplasm with a nucleus situated near the center (Fig. 3D). As 
the microspore increases in size, a large vacuole appears in the cytoplasm and 
the nucleus moves to one of the sides. The microspore after division gives rise 
to a large vegetative and a small generative cell (Fig. IN). The mature pollen 
grains are oval or oblong, monocolpate, and shed at the 2-celled stage. 

Ovule. The ovary, as characteristic of Magnoliaceae (s. str.), is mono- 
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carpellary apocarpous, unilocular and hypogynous with rarely one or most fre¬ 
quently two anatropous, bitegmic and crassinucellate ovule. The inner integu¬ 
ment initiates as a rim-like outgrowth from the surface cells of the enlarging 
nucellus before the differentiation of the outer integument. At the stage when 
the archesporial cell becomes evident and functions as the megaspore mother cell, 
the integuments do not grow over the nucellar apex (Fig. 2A). The integu¬ 
ments completely surround the nucellus leaving a narrow micropyle while the 
megagametophyte becomes matured. 

Megasporogenesis and megagametophyte. The megaspore mother cell under¬ 
goes meiosis leading to formation of a linear or T-shaped tetrad of megaspores 
(Figs. 2B, C). Generally the dyad produced after the first meiotic division 
consists of a larger chalazal cell and a smaller micropylar cell. The second 
division in the two dyad cells gives rise to four cells, in which the chalazal cell 
produces the functioning megaspore and the upper three degenerate (Fig. 2D). 
After three mitotic divisions the functioning megapore develops into an 8-nucleate 
gametophyte. The development of the embryosac thus conforms to the Polygonum 
type (Figs. 2E-G). An egg apparatus with an egg and two synergids at the 
micropylar end and three antipodals at the chalazal end have been observed. 
The polar nuclei usually meet in the middle of the embryo-sac and fuse before 
fertilization to form a secondary nucleus (Fig. 2H). 

Fertilization and development of endosperm. The fertilization is porogamous. 
Germinating pollen grains on the stigma elongate pollen tubes which enter the 
micropyle to reach the embryo-sac. Syngamy and triple fusion take place more 
or less simultaneously. One male gamete fuses with the egg and the other with 
a secondary polar nucleus to form a primary endosperm nucleus. The pollen 
tube degenerates quickly. The antipodal cells generally degenerate, but rarely 
persist for a while after fertilization. 

The primary endosperm nucleus divides earlier than division of the zygote, 
and a larger chalazal chamber and a smaller micropylar chamber are formed 
(Fig. 21). These chambers by further division give rise to the cellular endo¬ 
sperm (Fig. 2J). 

Embryogeny. The first division of the zygote is transverse resulting in a 
terminal cell and a basal cell (Figs. 2K, 4A). However, there is much variation 
in the subsequent behaviour of these two daughter cells. The divisions in the 
terminal cell may precede those of the basal cell or vice versa. Usually the 
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Fig. 2. Development of embryo sac and embryo in Magnolia salicifolia. A. Young ovule with a 
megaspore mother cell and two developing integuments. X310. B. Dividing dyad cells. X1000. C. 
Formation of T-shaped tetrad of megaspores. X1000. D. Two of three micropylar nuclei already 
degenerated. X950. E. Two-nucleate stage. 950. F. Four-nucleate stage. x890. G. Eight-nucleate 
stage, x 680. H. Mature embryo sac showing an egg apparatus, a secondary polar nucleus and three 
antipodal cells. X530. I. Two-celled stage of the cellular endosperm showing the undivided zygote. 
X630. J. Slightly later stage in the development of endosperm showing multiplication on cells of 
endosperm, the zygote is still unicellular. X630. K. Division of zygote into terminal and basal 
cells, x 1500. L. Octant stage. X750. 
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basal cell then divides again transversely to form two superposed cells, while 
the terminal cell divides longitudinally resulting in two juxtaposed cells (Fig. 
4B). Each of the two terminal cells divides vertically resulting in a quadrant 
stage, while the two basal cells remain undivided. The quadrant cells divide 
further transversely to form an octant (Fig.2L). From this stage onwards the 
divisions are irregular and the resultant cells divide repeatedly to form a small 
globular proembryo (Fig. 4C). The proembryo gradually grows to form a heart- 
shaped young embryo (Fig. 4D). The mature embryo is straight and consists 
of two well-developed cotyledons, a short radicle and hypocotyl (Fig. 4E). The 
earlier division in the develepment of the proembryo are often irregular but the 
embryogeny conforms essentially to the Onagrad type (Johansen 1950). 

Discussion There is a great deal of similarity in microsporogenesis and 
megasporogenesis between the present material and the members of the family 
(s. str.) already investigated by the several workers. 

The arrangement of the microspore tetrad appears to be of some interest. 
The microspores are mostly arranged in a decussate fashion and some are isobi¬ 
lateral or T-shaped in the present material, while a tetrahedral arrangement 
has been recorded in M. soulangeana (Canright 1953) and M. obovata (Kapil & 
Bhandari 1964). The taxonomical significance of the variation in arrangement 
of the microspores is still obscure, although it is considered that the species re¬ 
ferred to the same genus show more or less similar type in embryology. 

It is obvious that in the present material the ovular archesporium consists 
of a single cell and the development of the embryo-sac conforms to the Poly¬ 
gonum type as is the case in M. virginiana (Maneval 1914), M. grandiflora 
(Earle 1938) and M. liliflora (Hayashi 1964). The feature may also be a com¬ 
mon occurrence in many members of the Magnoliaceae (s. 1.) : Drimys winteri 
(Strasburger 1905), Liriodendron tulipifera (Maneval 1914, Kaeiser & Boyce 
1962), Illicium anisatum, Schisandra repanda, Kadsura japonica and Michelia 
fuscata (Hayashi 1963a, b, 1964). Therefore, it may de concluded that this 
type of the embryo sac development is a constant feature of the members of 
this family (s. 1.). 

The development of embryo in the present material falls to the Onagrad 
type described by Johansen (1950) as is the case in M. virginiana (Maneval 
1914), M. grandiflora (Earle 1938) and M. liliflora (Hayashi 1964). This type 
seems to be a generic character, although the same feature has also been ob- 
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Fig. 3. Pollen formation of Magnolia salicifolia. A. Transection of a two-lobed four-loculed 
anther. X 500. B. Longisection of an anther showing the developing wall layers and the 
sporogenous cells surrounded by the tapetum. X500. C. Binucleate tapetal cells and PMCs at 
synapsis. X250. D. Longisection of an anther showing uninucleate young pollen grains and a 
well-developed endothecium. Note the glandular type of the tapetum. x 125. 
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Fig. 4. Development of embryo in Magnolia salicifolia. A. Two-celled proembryo comprising 
terminal and basal cells. x500. B. Four-celled proembryo. X500. C. Micropylar half of a 
mature ovule showing an ovoid undifferentiated embryo. X250. D. Heart-shaped embryo. 
X125. E. Median longitudinal section of a ripe seed showing a dicotyledonous embryo sur¬ 
rounded by a mass of endosperm partially digested. X50. 
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served in Michelia champaca (Padmanabham 1960) and M. fuscata (Hayashi 
1964). In contrast to this, in Illicium anisatum, Schisandra repanda and Kadsura 
japonica (Hayashi 1963a, b) the Asterad type of the embryo development has 
been recorded. Furthermore, Ly-Ti-Ba et al. (1970) described irregularity in the 
embryo development in Magnolia grandifolia and they interpreted it as con¬ 
forming to the Megarchetype VI (Soueges 1939). 

With regard to the embryo development in the Magnoliaceae, Johansen (1950) 
recorded the Onagrad type and Bhandari (1971) states that “the embryogeny is 
either irregular or follows the Onagrad type”. Yamazaki (1982), based on the 
observation of the embryo development in Magnolia kobus, has sustained the 
Geraniad type. 


References 

Andrews, F. M. 1902. Karyokinesis in Magnolia and Liriodendron with special 
reference to the behavior of the chromosomes. Beih. Bot. Centralbl. 11 : 134- 
142. Bhandari, N. N. 1971. Embryology of the Magnoliales and comments on 
their relationships. J. Arnold Arboretum 52: 1-39, 285-304. Canright, J. E. 
1953. The comparative morphology and relationships of the Magnoliaceae. II. 
Significance of pollen. Phytomorph. 3 : 355-365. Earle, T. T. 1938. Embryo¬ 

logy of certain Ranales. Bot. Gaz. 100: 257-275. Farr, C. H. 1918. Cell divi¬ 
sion by furrowing in Magnolia. Amer. J. Bot. 5 : 379-395. Guignard, L. 1897. 
Les centres cinetiques chez les vegetaux. Ann. Sci. Nat. Bot. 6: 177-220. 

- 1898. Sur le mode particular de formation du pollen chez Magnolia. C. R. 

Ac. Paris. 127: 594-596. Hayashi, Y. 1960. On the microsporogenes and 
pollen morphology in the family Magnoliaceae. Sci. Rpts. Tohoku Univ. (4) 

Biol. 26: 45-52. - 1963a. The embryology of the family Magnoliaceae 

sens. lat. I. Megasporogenesis, female gametophyte and embryogeny of Illicium 

anisatum L. Sci. Rpts. Tohoku Univ. (4) Biol. 29: 27-33. - 1963b.—II. 

Megasporogenesis, female gametophyte and embryogeny of Schisandra repanda 
Radlkofer and Kadsura japonica Dunal. Sci. Rpts. Tohoku univ. (4) Biol. 29: 

403-411. - 1964. III. Megasporogenesis, female gametophyte and embryogeny 

of Magnolia liliflora Desrousseaux and Michelia fuscata Blume. Sci. Rpts. 
Tohoku Univ. (4) Biol. 30 : 89-98. Johansen, D. A. 1940. Plant microtechnique. 

McGraw Hill, New York. - 1950. Plant embryology. Chronica Botanica 

Co., Waltham, Mass. Kaeiser, M. & S. G. Boyce, 1962. Embryology of Lirio- 


— 18 — 



October 1984 Journ. Jap. Bot. Vol. 59 No. 10 307 

dendron tulipifera L. Phytomorph. 12 (2): 103-109. Kapil, R. N. & N. N. 
Bhandari 1964. Morphology and embryology of Magnolia. Proc. Nat. Inst. Sci. 
India 30: 245-262. *Kosmath, L. 1927. Studien iiber das Antherentapetum. 
Osterr. Bot. Ztschr. 76: 235-241. Ly-Ti-Ba, J. L.-Guignard et J. C. Mestre 1970. 
Embryogenie des Magnoliacees. Developement de P embryon chez Magnolia 
grandiflora L. C. R. Acad. Sc. Paris, t. 271, Serie D: 1272-1275. Maneval, W. E. 
1914. The development of Magnolia and Liriodendron, including a discussion 
of the primitiveness of the Magnoliaceae. Bot. Gaz. 57: 1-30. *Padmanabham, 
D. 1960. A contribution to the embryology of Michelia champaca. J. Madras 
Univ., 30: 155-165. *Soueges, P. 1939. Embryogenie des classification. 2 e fasc. 
d’nu Systeme essai embryogenique. Paris. Stoudt, H. N. 1960. Sporogenesis in 
Magnolia kobus DC. I. Microsporogenesis. Proc. Pennsylv. Acad. Sci. 34: 29-33. 
Strasburger, E. 1905. Die Samenanlagen von Drimys Winteri und die Endosperm- 
bildung bei Angiospermen. Flora 95 : 215-231. Yamaha, G. 1935. Ueber die 
Zytokinese bei der Pollentetradenbildung, zugleich weitere Beitrage zur Kennt- 
nis fiber die Zytokinese in Pflanzenreich. Jap. J. Bot. 3: 139-162. Yamazaki. 
T. 1982. Recognized type in early development of the embryo and the phylo¬ 
genetic significance in the Dicotyledons. (In Japanese with English summary). 
Acta Phytotax. Geobot. 33: 400-409. * Original not seen. 

* * * * 

ft#© 9 u vf4, 9 v vjgjcjg-f S * A X 

m&X*, ff-MW 


□Uppeandra Dhar & P. Kachroo: Alpine Flora of Kashmir Himalaya 280 pp. 
1983. Scientific Publishers, Jodhpur, India. 200;H:— (9,000PJ). p 5 — /u fc -7 

h ©JtfY/YJrEE, H4>3^ v © 

1 itfi© y X h tr, bo =* v 9 ’> a Vie J; 


-19- 



